ABSTRACT
INTRODUCTION
Metal-on-metal hip resurfacing is increasingly popular in the United Kingdom. 1 It conserves femoral bone stock, has no polyethylene wear debris, and improves stability 2 and range of movement, compared to total hip arthroplasty (THA). 3 Nonetheless, it does not conserve the acetabulum, as the minimum acetabular size is determined by the femoral neck diameter. The acetabular component should be at least 6 mm greater than the minimum femoral head size determined by the neck diameter. In THA, downsizing is feasible because of femoral head excision. The diameter of the acetabulum is the final determinant of the minimum size of the acetabular component in order to achieve an interference fit. To provide a rigid construct and reduce the stress within the acetabular component, the external acetabular diameter in a Birmingham hip (Midland Medical Technology, Stoke Prior, UK) is at least 6 mm greater than the external diameter of the prosthetic femoral head. The latter is larger than that for a conventional THA in the same patient and may affect acetabular revision should the hip resurfacing fail. In young and active adults, femoral and acetabular bone removed should be minimised. Hip resurfacing arthroplasty has gained popularity, as its failure mechanism is better understood and the quality of metal-on-metal bearings is improved. 4, 5 Whether more bone is removed from the acetabulum during hip resurfacing as compared to uncemented THA remains controversial. 6, 7 We therefore compared the quantity of bone removed from the acetabulum in these 2 types of arthroplasties.
MATERIALS AND METHODS
Between July and December 2006, 62 consecutive patients with osteoarthritis of the hip were prospectively studied. 24 men and 7 women aged 40 to 86 (mean, 59) years underwent Birmingham hip resurfacing. 13 men and 18 women aged 34 to 88 (mean, 61) years underwent uncemented THA using the trident acetabular cup. Obese elderly women at risk of femoral neck fracture and patients with large subchondral pseudocysts or a history of avascular necrosis of the femoral head were assigned to uncemented THA. 8 Patients were placed in a lateral position with padded support; all procedures were via an anterolateral approach. The fascia was divided and the anterior third of the gluteus medius was detached from the greater trochanter, with an osteoperiosteal flap connected to the anterior vastus lateralis. The detached portion of the gluteus medius was moved anterosuperiorly. The gluteus minimus was exposed and elevated with the anterior capsule of the joint; both were split superior to the acetabular margin. The capsule was released from the visible boundaries of the acetabular margin anteriorly and posteriorly. The hip was dislocated by flexion and external rotation and the circumferential capsular division completed. 9 Acetabular reamings were collected; marginal osteophytes were not included. Using a sterile calliper, the anteroposterior and supero-inferior dimensions of the femoral head were measured following removal of head osteophytes (prior to resection). The larger of the 2 readings was recorded and correlated with the actual size of the femoral component in the resurfacing group. The reamings were dehydrated and defatted by washing with 50 ml of acetone and 50 ml of diethyl ether 5 times, then weighed (using a digital weighing scale calibrated to within 0.001 g) and placed in a furnace preheated to 200ºC. The reamings were reweighed 2 and 4 hours later to ascertain the consistent dry weight. 10 The mean weight of acetabular reamings is affected by the type of arthroplasty and also the acetabular size. Analysis of covariance (ANCOVA) was used to compare the mean bone weight removed after adjustment for covariate effects (acetabular size). 11 The anteroposterior diameter of the femoral head was used as a proxy for the acetabular size (correlation was 0.81 in the resurfacing group).
A Q-Q plot indicated that the response (the weight of the acetabular reamings) was not normally distributed; examination of the Q-Q plot for the log of the weights of acetabular reamings also indicated a lack of normality (Fig. 1) . Thus, standard ANCOVA was not applicable, requiring recourse to a nonparametric ANCOVA. 12 Let y ij and x ij denote the weight of the acetabular reamings and anteroposterior diameter of the femoral head respectively of patient j under surgery i. A suitable model is y ij = g i (x ij ) + e ij where the e ij are independent N(0, σ 2 ) distributed and g i (x ij ) is assumed to be a smooth regression function. The regression function is a function of the proxy acetabulum covariate, the anteroposterior diameter of the femoral head, and is estimated by a nonparametric smoothing technique.
Smooth regression curves were estimated (Fig.  2) . A reference band, centred at the mean of the 2 curves and having a width of 2 standard errors, was superimposed on the plot for comparison. The reference band indicated the absence of evidence of a difference in the mean weight of acetabular reamings between the 2 groups. A likelihood ratio test for a difference in the 2 groups resulted in a p value of 0.57 verified this assertion, using the estimated smoothing parameter of h=2.88.
To avoid the result being dependent on the choice of the scaling parameter, a 'significance trace' plotted the p value resulting from the hypothesis test as a function of the smoothing parameter h (Fig. 3) . 13 The curve was consistently above the 5% significance level, suggesting the same conclusion irrespective of the choice of smoothing parameter. The assumption of residual normality was confirmed by the Q-Q plot (Fig. 4) .
RESULTS
Respectively in the hip resurfacing and uncemented THA groups, the mean external diameters of the acetabulum were 58 mm and 54 mm; the mean diameters of the femoral head after removal of osteophytes were 52 mm and 50 mm; the mean weights of acetabular reamings were 13.787 g and 11.713 g. Using non-parametric ANCOVA to account for the covariate of acetabular size, regression curves displayed no significant difference in the mean weight of acetabular reamings between the 2 groups (p=0.57, Fig. 2 ).
DISCUSSION
In a study comparing the weight of resected bone from the acetabulum between Birmingham hip resurfacing and THA using the press-fit condylar acetabular component (PFC, Depuy, Leeds, UK), 311% more bone was removed with the former treatment (5.6 g vs 1.8 g, p<0.001).
14 Implant design and surgical technique were significant factors.
The diameter of the acetabular component used (adjusted for patient size by measuring the diameter of the contralateral femoral head) and the quantity of bone removed from the acetabulum were significantly more in hip resurfacing than in uncemented THA; the difference was more marked in patients with larger femoral-head diameters. 6 In our study, the weight of acetabular reamings was not significantly different between the 2 groups, which is consistent with a study comparing the size of acetabular component between hip resurfacing and standard THA. 7 In hip resurfacing, accurate and reproducible preparation of the femoral head and neck enables the use of an appropriately small femoral component without notching the femoral neck, particularly in cases with extensive neck re-modelling and/or osteophyte formation. This minimises the risk of over-sizing the acetabular component and removal of excessive bone stock. However, when hip pathology results in a mismatch between the femoral head and the acetabular component, the acetabular component should be upsized. The femoral head and neck osteophytes should be removed. If not, the enlarged femoral head/neck junction will result in the use of larger femoral components and consequently larger acetabular components. 15 
